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Introduction and Background
When the program concluded, the federal government's investment of $16 million had leveraged roughly $7.1 million in cash; it also leveraged in-kind resources and incentive programs throughout the country. This synergy has contributed to the following outcomes: o Decreased CO 2 emissions of 3.3 million tons o Cumulative GNP increase of $1.6−$2.6 billion, depending on installed cost (range of $8-$10/Watt) o Increase in job-years of 23,000 to 31,000.
• MSR conducted more than 26 peer exchange workshops, attended by more than 650
people. More than 79% of MSR's partners attended at least one workshop. In addition, MSR efforts contributed to the body of knowledge about best practices for facilitating market transformation and technology diffusion. (See Appendix A for a list of the many documents and publications produced for MSR, and instructions on how to locate them.) Also, MSR evolved as a best-practices program.
As input to the Solar America Initiative (SAI) Technology Acceptance (TA) effort, this report will:
• Summarize best practices for technology diffusion and market transformation.
• Highlight selected partnership efforts to address market barriers.
• Highlight selected partnership efforts to expand markets.
• Describe the MSR program: design and operational approach, partnerships, programmatic best practices.
• Draw conclusions and make recommendations.
2 Direct attribution is difficult to ascertain with specificity, as outcomes occurred in many local and regional markets across the country. Nevertheless, the efforts of MSR partners heightened consumer awareness of these technologies, assisted in the adoption of facilitating public policies, and in general helped condition markets to accept these technologies. Data cited are from L. Sherwood, Million Solar Roofs Initiative: Metrics, Interstate Renewable Energy Council, 2005. 3 
Market Transformation and Distributed Solar
Technology Diffusion: Best Practices MSR partners were not the only marketplace participants working to transform the market for distributed solar technologies. Arguably, however, they were among the most effectively networked and supported. Consequently, they made significant contributions to the community of best practices for market transformation and distributed solar technology diffusion. Following are some examples.
Value analysis: Simple payback is not the sole criterion for investments in new technologies.
(If it were, the market for bottled water would be less robust.) Distributed solar technologies possess a wealth of values for different investors. For example, electric utilities value the peak load clipping value of PV and solar water heating, and their potential to improve distribution system reliability. Customers that depend on electricity for their businesses, like IT-and communications companies, value the reliability that distributed PV and storage can lend to their operations. Ratepayers value the fact that PV can diversify the generating portfolio, thus providing a hedge against the risk of price increases. Environmentalists value the lack of airborne emissions and low water use of solar technologies.
Net metering rules and interconnection standards:
These must be simplified and standardized for distributed generators. Rules and extensive paperwork that are appropriate for utility-scale generators are inappropriate for small ones. Poorly designed net metering and interconnection standards can create rather than remove barriers.
Net metering must be capped at a level to allow a full policy cycle and result in full retail value to the customers. Under their net metering statutes, some states have capped the allowable amount of net metering. In some cases, however, this cap is reached before incentive funding for PV is fully expended.
Financial incentives must be coupled with net metering, interconnection standards, public awareness campaigns, and tariffs that capture the value of solar. MSR partners have provided feedback to states and localities on their incentive programs that helped make them more effectively. If incentives are difficult for consumers and equipment manufacturers to understand and apply for, they won't be used. Even the best incentives can be stymied by the "hassle factor" involved in interconnecting, inspecting, and learning about the program.
Incentive funding for PV should be structured to reduce payment levels over time, as markets become established. This provides the impetus for PV suppliers, builders, utilities, and consumers to reduce dependence on incentives and move toward sustainable markets where PV's real economic value is commensurate with its costs.
Considerations of solar's possible revenue impacts must be balanced with assessment of potential economic development impacts. Solar installations are likely to provide economic development boosts, although they could negatively affect taxes, sales, or general revenues. Utility partners with MSR are finding ways to make solar an effective part of their business plans, finding value to offset any reduction in electricity sales. Measures of economic health such as gross regional product, jobs, health cost savings, and environmental quality are likely to benefit from solar installations.
Programs intended to stimulate market transformation should remain in place for at least a decade. Customarily, it takes at least 10 years to realize the secondary and indirect economic development gains, as well as the primary ones, from market transformation efforts. It also takes that long for solar system suppliers and consumers to fully develop and accept the value of solar technology and build the institutional knowledge and market delivery mechanisms that will sustain solar growth.
Permitting, insurance, and interconnection requirements should be related to system size. Smaller systems create less liability and exposure, and consequently should not be subject to the same requirements of larger systems. Their economics are also disproportionately influenced by one-time, fixed, up-front costs involved with permits and interconnection.
Capacity building-a well-trained workforce, recognized and understandable equipment certification, and knowledgeable code officials and building inspectors-is an integral part of market transformation and technology diffusion. If these supporting factors are absent, new technologies will not take hold in the marketplace. Building codes and homeowner association covenants, in particular, should facilitate solar installations, or at least not pose obstacles.
The marketplace must have informed consumers to function rationally. "Lack of knowledge" was cited as one of the most significant obstacles facing more than one MSR partnership. 
Market Expansion Efforts
Attention to barriers to market penetration results in market expansion. In addition, however, MSR partnerships undertook a number of market expansion efforts unrelated to barrier reduction. Following are examples.
• Encouraged production builders to incorporate solar in their developments, either voluntarily or through building codes. o San Diego (California), Aspen (Colorado), Tucson (Arizona)
• Created demand for solar in government and other public entities (e.g., the military and schools). o The City of Anaheim (California) installed solar on carports for its fire department. o Oahu (Hawaii) encouraged the military to install solar water heating on military housing.
• Installed solar on high profile, high traffic facilities.
o San Francisco (California) installed PV on the Moscone Convention Center. o Philadelphia (Pennsylvania) helped its zoo assess the potential of solar.
• Expanded the universe of applications for solar. DOE's ROs, situated in the field and close to markets and MSR partners, were the primary points of contact for partnerships wishing to obtain information and technical assistance. ROs filtered assistance requests and referred those requiring expert technical or analytical support to the national laboratories. ROs also ran annual grant solicitations, made awards, monitored and reported on the progress of their partnerships, and hosted annual peer exchanges for partnerships in their regions.
National laboratories: A hallmark of MSR was the technical and analytical support provided by two of DOE's national laboratories, the National Renewable Energy Laboratory (NREL) and Sandia National Laboratories. In addition, a private-sector contractor provided specialized economic and value analyses, as well as a suite of data-based tools for analysis of specific markets. 6 This expert assistance was provided free of charge to partnerships upon RO approval and provided critical intellectual and technical underpinnings for the program. Assistance ranged from troubleshooting hardware problems to analyzing the impact of public policies on local and regional markets. Technical support often was provided on a short turnaround basis and was not provided if the private sector could better meet the need.
Interstate Renewable Energy Council (IREC) supplied critical knowledge and communications support, including information sharing among partnerships, and tracking MSR program metrics. IREC performed the following services:
• Arranged interactive telephone seminars on topics of interest to partnerships including tax exempt solar financing, energy surety, utility solar hot water programs, interconnection and net metering, federal resources for solar from the U.S. Department of Agriculture and Housing and Urban Development, ZEHs, solar for disaster response and recovery, PV module supply issues, PV impacts on peak loads, inspector guidelines for PV systems, and solar affordable housing.
• Produced a bi-weekly "news you can use" electronic newsletter.
• Produced materials for and managed the MSR Web site, showcasing partnership success stories as well as informational materials presented at telephone seminars, regional and annual meetings, and technical papers produced by the laboratories and contractors.
• Helped the ROs arrange regional peer exchanges.
• Tracked and reported MSR's metrics.
• Helped plan and arrange the MSR annual meeting, held in conjunction with IREC's annual meeting.
• Helped disseminate information developed by IREC and other organizations on critical issues, including model interconnection and net metering policies, employment and local economic benefits of solar development, and information/analysis on certification and training issues. 
Partnerships
By the time MSR concluded, 971 partners across the country had joined the 94 official MSR partnerships and were working to meet the specific goals of the individual partnerships. Figure 1 shows the diversity of MSR partners, but even within these groupings there is a broad spectrum of interested organizations, including:
• Electric and gas utilities 
Distribution of MSR Partners by Sector
Private Sector 34%
Non-profit Orgs. 28%
Local Government 13%
Utilities 9%
Universities 7%
State Govt. Agencies 7%
Other 2%
Official partnerships consisted of organizations that shared a commitment to fulfilling the goal of the partnership; that is, facilitating the installation of a voluntarily chosen number of "solar roofs." The customary commitment ranged between 500 and 100,000 roof equivalents. 8 This commitment was made with the DOE ROs and was a prerequisite to official partnership status. Each partnership also developed an implementation plan to outline how it planned to achieve its goals. Eligibility to apply for competitive grants, free technical and analytical support, and peer exchange information were the incentives to attain official partnership status. Partnerships ranged in size from one affiliated organization (for example, the Department of Natural Resources in Iowa) to 63 affiliated organizations and companies (Bay Area Solar Consortium in California). As the SAI TA effort develops these partnerships, the roof commitments they made, and their implementation plans can be a starting point for new technology acceptance efforts. In locations where they worked effectively, new activities should go beyond previous efforts. If past experience is a selection criterion for involving organizations in the TA effort, performance as MSR partners can help demonstrate capabilities. The implementation plans developed by the partners in many cases provide useful insights to the barriers and market conditions in target locations.
The private sector accounted for about a third of partnerships. Nonprofit organizations comprised more than a quarter, followed by local government entities with 13% and utilities at 9%. (For a detailed list of partner categories and types, see Appendix C; a list of MSR partners is included as Appendix D.)
Understanding the different levels of sophistication and capability among the MSR partnerships can be useful to the new TA effort. The same types of partners are likely to come forward for the new program, and the TA effort will have to make similar tough decisions about where its resources will have the greatest impact in the short and long terms. There will always be a tension between investing in "sure bets" with very experienced partners where there is less risk, and also less direct impact, and investing in efforts with higher risk, but where federal resources are more critical to success. As MSR developed over time, it became apparent that three types of partners had emerged and constituted something of a "pipeline" in terms of best programmatic practices:
Experienced partners with access to significant resources outside of DOE, substantial expertise and an established history of working with solar energy.
9 Experienced partners benefited MSR by leveraging MSR funds with access to substantial outside resources. They also shared their experience and successful methods with other partners. They joined other MSR partners to develop best practices on issues like net metering policies and interconnection standards. They used MSR funding mainly to fill gaps in their own resources. For example, MSR funds were used when system benefit funds failed to provide adequate resources to publicize rebates and incentives, or to inform customers about how to purchase solar equipment.
Intermediate partners with financial or policy mechanisms to support solar, but with less experience with the technical aspects of solar energy or knowledge of how to organize a successful solar program. Intermediate partners also leveraged MSR funding to fill gaps in their own resources. However, they were even more engaged than the experienced partners in leveraging the network of experts and solar information that MSR helped sustain. This enabled them to expand their efforts and build more effective solar programs.
Emerging partners with little experience in solar energy and limited resources, but motivated organizations and enthusiasm for solar energy. For emerging partners, MSR provided a small amount of seed money to help them organize and begin to assemble the components of an effective solar effort, based in part on what they learned from more experienced MSR partners.
MSR's multifaceted support, including grants, sustained all parts of this pipeline of solar deployment partners. MSR helped emerging partners grow to intermediate levels, and intermediate partners to become experienced. Moreover, it helped experienced partners move even further by helping them address new issues and opportunities.
Best Programmatic Practices
In addition to the emergence of a pipeline of partners, a suite of best practices evolved in actual program operations:
• Minimize transaction costs. MSR's operations have been described as "lean and functional" and "free from layers of bureaucracy." 10 This is key to minimizing transaction costs. Bi-weekly meetings of the core team were conducted via conference calls rather than incurring time and travel costs for face-to-face meetings. The annual meetings of IREC and MSR were combined to reduce travel costs. The electronic newsletters of MSR and IREC also were combined, which cut production costs by half.
The MSR Web site was an enormously cost-effective information transfer mechanism. It included a broad array of materials, from success stories of MSR partnerships to the latest technical studies produced by national laboratories and the solar industry. In 2004, the Web site averaged 18,000 unique hits every month.
Finally, even though partnership grants had low dollar amounts, transaction costs were optimized by running the grants through DOE's ROs. The ROs were geographically dispersed and, consequently, close to partnerships and markets. Small, self-contained offices, the ROs incurred minimal bureaucracy and red tape. Applying this same "lean and functional" approach to larger investments would leverage federal resources even more, and the new TA effort should be able to reach new levels of "bang for the buck."
• Supply technical, analytical, and knowledge underpinnings for program actions.
National laboratories and a contractor 11 provided individualized expert assistance, free of charge, in response to requests forwarded by the ROs. Often requests for assistance required immediate response and swift turnaround. Information generated from this assistance was made available to all partnerships and was posted on the MSR Web site. In addition, the laboratories and contractors conducted technical and analytical studies, which also were placed on the Web site.
12
• IREC provided topical information through interactive telephone seminars, as well as speakers obtained for regional and national meetings. The telephone seminars informed participants about subjects pertinent to partnership success and were accompanied by power point presentations sent to participants in advance of the seminar. The new TA effort will find a substantial demand for analysis and information that could be a useful outlet for technology and knowledge transfer from the activities it supports.
• Arrange opportunities for partners to learn best practices from one another and to inform others in the broader community of decision-makers outside of program parameters. Ongoing information exchange was created through the Web site, which showcased partnership successes, and the bi-weekly electronic newsletters, both managed by IREC. Opportunities for direct interaction were provided through yearly regional peer exchange meetings (which sometimes included more than one region) and the annual national meeting. Now that this network is in place, it is another potential outlet for the results of TA activities and projects.
• Provide partner funding. The competitively awarded grants ranged in size from $10,000 to $50,000. This was sufficient to bridge gaps, but not much else for the experienced partners. However, if such funding were not available, efforts might have foundered. For emerging partners, the funding was often key to the development of a solar program. There were lessons learned in the way MSR structured and managed its grants that the TA effort can adapt to its needs. Other federal agencies with which MSR partnered-either from DOE headquarters or through partnerships-included the Environmental Protection Agency, Housing and Urban Development, the Small Business Administration, the Federal Emergency Management Agency, and the General Services Administration.
With modest funding from the DOE, the Million Solar Roofs
In addition, MSR leveraged the resources of the partnerships, including state and local programs to which they had access. This included cash matches, in-kind matches, and leveraging of complementary resources. In 2003 alone, DOE's investment of $2.6 million leveraged more than $100 million of state and utility incentives.
These same resources are available for the new TA effort to leverage as well, and a lot can be learned from MSR's successes and limited successes. For example, the federal market potential for solar was explored on a limited basis, and the new TA effort might be able to work with the Federal Energy Management Program (FEMP) to leverage it more effectively through concepts such as large-volume purchases, Energy Savings Performance Contract funding, and exploiting energy reliability and security benefits.
State Incentives and MSR Budget (1997-2005)
$-$100,000,000 $200,000,000 $300,000,000 $400,000,000 $500,000,000 $600,000,000 $700,000,000 Relating outputs (workshops, seminars, etc.) to outcomes (solar roofs installed) is quite difficult. The new TA effort should carefully consider its performance metrics and what it will measure to make sure that its outputs are clearly contributing to the outcomes it wants to achieve.
• Provide consistent program leadership, informed by routine communication among those responsible for program direction and implementation. Routine bi-weekly phone calls were held among DOE headquarters program personnel, the ROs, IREC, the national laboratories, and the contractor. Information was exchanged, and opportunities or challenges were anticipated in timely fashion, even though the core team was widely dispersed geographically. This is good management practice that should apply to almost any activity the Solar Program supports.
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Conclusions and Recommendations
In eight years of program operations, MSR established the foundation on which to create and grow markets for distributed solar technologies. Market barriers have been identified, along with best practices to address them. The grassroots and geographically diverse nature of MSR partners enabled all regions of the country to acquire fundamental experience with solar. MSR as a program also developed a suite of programmatic best practices. Now DOE's SETP is initiating the next phase of its technology diffusion efforts. The changed nature of SETP's goal (i.e., cost parity with conventional technologies by 2015) suggests the need for a different programmatic approach to technology diffusion and market transformation with less emphasis on a market application (solar roofs) and more on broadly incorporating solar into the planning and development infrastructure of key partners. Nevertheless, the MSR core team recommends that SETP take advantage of, and build on, the work that has gone before. In particular, we recommend that SETP use the 971 partners located around the country: they are advocates for solar and experts in their local and regional markets. In addition, we encourage SETP to keep in place the communication tools that were developed under MSR. These tools are low cost and are proven to be successful in communicating timely information that can be used and useful in the marketplace.
We wish SETP well in the next phase, and offer our assistance and support. Following are some specific recommendations and suggestions based on lessons learned from the MSR Initiative:
Retain communications and networking. Maintain and incorporate MSR's distribution lists and some of its practices into a broad SETP distribution and communication strategy for disseminating program information and notices of updates in studies, Web information, etc. MSR's contact lists are a ready addition to SETP's network that can be maintained at a minimal cost to help disseminate the activities and results of the new TA effort. Although "seed money" grants for partners with emerging solar interests may not continue, maintaining an effective outreach effort can help retain some of the same beneficial "seeding" effect in the new program.
Incorporate MSR Web site information and structure into the SETP Web site along with other TA materials. An organized collection of tools, studies, and information on the MSR Web site can be incorporated quickly into the new TA effort. Many users are already familiar with the MSR Web site and its material and it provides familiar paths for them to find what they want. Networking, at the management level of MSR, among the partners, and between the partners and management, was a key characteristic of MSR. This helped immensely in tracking results and performance and in sharing information and best practices. Similar networking through regular conference calls, teleconferences on targeted subjects, and focused meetings that coincide with other industry events should be considered in the new TA program to keep the effort on track and broadly engaged with SETP.
Employ MSR experience.
As the new TA effort sets priorities for addressing barriers and opportunities, match the experience and best practices from MSR to those areas and be sure that follow-on efforts benefit from the baseline of experience MSR has in place.
MSR created greater awareness and visibility for critical SETP tools like the DSIRE database, SETP analyses and analytical capabilities, IREC's work on training, inspection, local energy security and environmental benefits, certification issues, and the ZEH effort supported by BT. The new TA activity should consider ways to keep these assets available and visible to the broad solar community when MSR is replaced. The fact that people were finding this information and using it on their own to advance solar was a free leveraging of SETP's investment in these efforts that is worth sustaining.
MSR partners were beginning to provide information on system performance, costs, and other data for use in the systems-driven approach. If that information is still a priority, the network of information providers and a structured approach for gathering and analyzing the information should continue in order to monitor whether problems are developing in fielded systems and what implications they have for research and technology. MSR struggled with limited funds that were spread purposely across six geographic regions, which created more and smaller grants than ideal. The principle of geographic and partner diversity to avoid risking too many resources on one track is still valid, but there needs to be a better balance between the number and size of grants or cooperative agreements and the diversity of partners. National competition for DOE resources and substantial awards to the best proposals should be the rule, but with some balance to engage different types of partners and provide some geographic diversity.
MSR partners were burdened by having to submit proposals annually and by the limited funds they could expect in return for their efforts. Larger awards, and if possible multiyear commitments or access to follow-on funds, would encourage continuity. Awards should be designed and managed in a way that reduces some of the administrative and management burden created by annual calls for proposals and management of awards that overlap because of delays in appropriations and awards.
The definition of a roof, and the focus on roofs, limited the scope of projects MSR could support. This limitation does not apply to the new TA effort. The new effort should make the most of its broader focus to encourage partners that have ideas or opportunities that didn't fit MSR.
Maintain best practices.
One of the most useful features of MSR was its ability to respond quickly to opportunities or challenges as they arose by providing partners with access to NREL and Sandia expertise and the expertise of key service providers like Segue Consulting, IREC, and the staff who maintain the DSIRE database. The new TA effort should maintain that quick-response capability for new partners, and for seizing opportunities that naturally come from the fact that states, localities, utilities, and the solar industry are making things happen on their own initiative that create unexpected challenges and opportunities. Responding to concerns about increasing electricity costs, environmental quality, grid security, and disaster preparedness, many local governments have established policies and programs to foster renewable energy development. Some of these initiatives are directed at encouraging residents, businesses, and developers to install renewable energy systems; such initiatives include outreach and demonstration programs, solar access provisions in zoning and development guidelines, and top-of-the-stack permitting or other enticements for solar builders. In other cases, local governments have committed to using renewable energy resources for a portion of their own energy needs by participating in utility green pricing programs or issuing their own requests for service. And finally, a growing number of local governments are installing solar and other renewable energy projects on public buildings for their own use. S. Gouchoe, L. Gillette, C. Herig. March 15, 2004. 18 pages.
Solar Cities: Local Government and Utility Leaders in Solar Deployment: Solar Audit Assistance Tool
This paper describes a software tool that was developed to assist with conducting solar energy audits. The Solar Audit Assistance Tool is a Microsoft Excel spreadsheet that includes macros and functions written in Visual Basic for Applications. It combines results from the Solar Pathfinder shading analysis tool and results from running the NREL PVWATTS simulation tool to estimate shading impacts and overall solar electric production for a PV system of given capacity. Electric billing data may also be entered and compared to the PV system production. Currently, the program is structured for the southeastern Pennsylvania area, but it can be modified to be used anywhere. Submitted by Ron Celentano, Celentano Energy Services. 
Comparing the Risk Profiles of Renewable and Natural Gas Electricity Contracts: A Summary of the California Department of Water Resources Contracts
http://eetd.lbl.gov/ea/EMS/reports/50965.pdf Devra Bachrach Different electricity generating technologies clearly impose different risks on electricity ratepayers. The purpose of this report is to look at a sizable and publicly available sample of electricity contracts, and to specifically compare how long-term contracts with natural gas-fired and renewable generators differentially allocate and mitigate certain risks.
Our contract sample comes from the California Department of Water Resources' electricity contracts. The risks that we consider include fuel price and supply risks, demand risk, performance risk, environmental compliance risk, and regulatory risk.
The full report is quite detailed and involved, but the executive summary can easily be read without venturing into the full paper. Perhaps the greatest value of this report is educational in nature: those who are unfamiliar with the detailed contents of power purchase contracts, or how risks are treated differentially in renewable energy and natural gas-fired electricity contracts, may well find this useful. Rapid market growth for customer-sited photovoltaics (CSPV) is the direct result of new policy, program and tariff related incentives developed by a variety of energy industry stakeholders. In previous publications, the authors investigated the geographical distribution of the economic feasibility of customer-owned commercial PV systems in the United States to assess the commercial market value. The market value is presented as a breakeven turn-key cost (BTC) by analyzing the installed and operating costs relative to incentives, energy savings, and externality values over the life of the PV system. This paper provides an updated snapshot of the commercial BTC values for the United States. Included in the paper are:
• Current federal, state, and local policies, programs, and tariffs (production incentives) • A tiered map of commercial BTC values • Representative commercial BTC, in a chart for the 50 states plus the District of Columbia, with stacked values of policy, energy, and externalities • A chart indicating the additional value of local government and utility policies.
The paper provides a measure of both the market value for industry targeting and the potential for incentives to affect market growth. Christy Herig, Subcontractor, National Renewable Energy Laboratory; Richard Perez, ASRC, The University at Albany; Susan Gouchoe, North Carolina Solar Center; and Tom Hoff, Clean Power Research. Paper presented at ASES in Austin, June 2003. Six pages.
The Role and Value of Utilities in Promoting PV
www.millionsolarroofs.org/articles//static/1/binaries/The_Role_and_Value_of_Utilities_i n_Promoting_PV.pdf Christy Herig, NREL Invited paper PVSEC12, Proceedings of the 12th International Photovoltaic Science and Engineering Conference. Provides issues discussion and analysis to show the monetary benefits and minimum distribution system impact from PV to utilities. Three pages. 
Other Publications
Credit Ratings and Photovoltaic Investments
